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Plant Gntl sequences and the use thereof for the production 
of plants having reduced or lackincr N-acetyl glucosaminyl 
-.^^^^^^^ transferase I (GnTI) activity 

The present invention relates to plant GnTI sequences, in 
particular, plant nucleic acid sequences encoding the enzyme 
N-acetyl glucosaminyl transferase I (GnTI), as' well as Gntl 
10 antisense or sense constructs, deduced therefrom, and their 
translation products, antibodies directed against said trans- 
lation products as well as the use of the sequence informa- 
tion for the production of transformed microorganisms and of 
]^ 15 transgenic plants, including those with reduced or lacking 
■P N-acetyl glucosaminyl transferase I activity. Such plants 

^ with reduced or lacking N-acetyl glucosaminyl transferase I 

activity are of -great importance for the production of glyco- 
:5J 20 proteins of specific constitution with respect to their sugar 
O residues. 
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Prior art; 



In eukaryotes, glycoproteins are cotranslationally assembled, 
in the endoplasmatic reticulum (ER) (i.e. during import into 
the ER lumen) by the attachment of initially membrane bound 

30 glycans (via dolichol pyrophosphate) to specific asparagine 
residues in the growing polypeptide chain (N-glycosylation) . 
In higher organisms, sugar units located at the surface of the 
folded polypeptide chain are subjected to further trimming and 

35 modification reactions (ref. 1) in the Golgi cisternae;* 
Initially, typical basic GlcaMangGlcNAca units of the high- 
mannose type are formed by means of different glycosidases and 
glycosyl transferases in the ER, which during the passage 

40 through the different Golgi cisternae are subsequently 
converted to so-called complex glycans. The latter are 
characterized by less mannose units and the presence of 
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additional sugar residues, such as fucose, galactose and/or 
xylose in plants and sialic acid (N-acetyl neuraminic acid, 
NeuNAc) in mammals (ref. 1,2,3). The extent of the modifica- 
tions can differ between glycoproteins. Single polypetide 
chains may carry heterogeneous sugar chains. Furthermore, the 
glycosylation pattern may vary for a specific polypeptide 
(tissue specific differences) , and does not always have to be 
uniform with respect to a specific glycosylation site, which 
is referred to as microheterogeneity (ref. 4,5). Up to now, 
the role of asparagine bound glycans is barely understood, 
which i.a. results from the fact, that said glycans may serve 
several functions (ref. 6) . However, it can be assumed, that 
e.g. protection of a polypeptide chain from proteolytic 
degradation can also be achieved by glycans of a more simple 
oligomannosyl type (ref. 7). 

Description of problems: 

Glycoproteins are highly important in medicine and research. 
However, large scale isolation of glycoproteins is time-consu- 
ming and expensive. The direct use of glycoproteins isolated 
conventionally often raises problems, since upon administration 
as a therapeutic, single residues of the glycan components may 
cause undesired side effects. In this context, the glycan com-, 
ponent predominantly contributes to the physico-chemical 
properties (such as folding, stability and solubility) of the 
glycoproteins. Furthermore, isolated glycoproteins, as already 
mentioned above, rarely carry uniform sugar residues, which is 
referred to as microheterogeneity. 

For the production of glycoproteins for medicine and research:,' 
yeasts prove to be unsuitable, since they are only able to 
perform glycosylations of the so-called high-mannose type. 
While insects and higher plants exhibit complex glycoprotein 
modifications, these, however, differ from those of animals. 
Therefore, glycoproteins isolated from plants have a strong 
antigenic effect in mammals. In most cases, animal organisms 
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with glycosylation defects are not viable, since terminal 
glycan residues (e.g. of membraneous glycoproteins) mostly 
possess biological signal function and are indispensable for 
cell-cell-recognition during the course of embryogenesis . 
Mammalian cell lines with defined glycosylation defects 
already exist, the cultivation of which, however, is labour- 
intensive and expensive. 

For mammals, different glycosylation mutants have been 
described in detail at the cell culture level (ref . 
7,8,9,10). Said mutants are either defective in biosynthesis 
of mature oligosaccharide chains attached to dolichol pyro- 
phosphate or in glycan processing or. show alterations in 
their terminal sugar residues, respectively. Some of these 
cell lines exhibit a conditional-lethal phenotype or are 
defective in intracellular protein transport. The consequen- 
ces of said defects for the intact organism are difficult to 
estimate. It has been observed, that a modification in the 
pattern of complex glycans on the cell surfaces of mammals is 
accompanied by the formation of tumours and metastases, 
although a functional relationship could not yet unambi- 
guously be demonstrated (ref. 9) . Therefore, in mammals gly- 
cosylation mutants are very rare. These defects, summarized 
under HEMPAS (Hereditary Erythroblastic Multinuclearity with 
a Positive Acidified Serum' lysis test) (ref. 10,11), are 
based either on a deficiency in mannosidase II and/or low 
levels of the enzyme N-acetyl glucosaminyl transferase II 
(GnTII), and have strongly limiting effects on the viability 
of the mutated organism, GntI knock-out mice, in which the 
gene for GnTI has been destroyed, already die in utero of 
multiple developmental defects (personal communication, H. 
Schachter, Toronto) . 

Until recently, no comparable mutants were known for plants. 
By the - use of- an antiserum, which specifically recognizes 
complex modified glycan chains of plant glycoproteins and 
which predominantly is directed against the highly antigenic 
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pi->2 linked xylose residues (ref. 12), the applicant was able 
to isolate several independant mutants from an EMS mutagenized 
F2 population of the genetic model plant Arahidopsis thaliana, 
which no longer showed complex glycoprotein modification 
(complex alycan, cgl mutants). After at least five back- 
5 crosses, each followed by intermittent selfings (to screen for 
the recessive defects), the glycoproteins were analyzed. These 
glycoproteins mainly carried glycans of the Man^GlcNAc^ type, 
indicating a defect in N-acetyl glucosaminyl transferase I 
10 (GnTI) (ref. 8). Indeed, the Arabidopsis cgl mutants lacked 
GnTI activity (ref. 13), which normally catalyzes the first 
reaction in the synthetic pathway to complex modified sugar 
chains (ref. 1). However, according to observations so far, 
i 15 . the viability of the mutated plants is not affected. In recent 
-0 publications, plants are suggested as a putative source for 

S the production of pharmaceutically relevant glycoproteins or 

P vaccines (ref. 14,15). There however, it was overlooked, that 

:p20 glycoproteins isolated from plants may cause severe immune 
t reactions in mammals, which up to now obstructed the 

i production of heterologous glycoproteins in cultivated plants. 

1^5 The applicant could demonstrate by way of example for the 
a Arabidopsis cgl mutant, that plants can manage without complex 

modified glycoproteins to a great extent (ref. 13). Initially, 
secretory proteins are normally glycosylated in the ER of the 
30 mutant, in the Golgi apparatus of the cgl mutant, however, the 
oligomannosyl chains linked to the polypetide backbone via 
asparagine residues (N-glycosylation) then remain at the stage 
of Man5GlcNAc2 residues, since N-acetyl glucosaminyl trans- 
35 ferase I (GnTI) activity is missing (Fig. 1). By this bio- 
synthesis block, the plant specific complex glycoprotein 
modification and in particular the attachment of al^3 fucose 
and 131^2 xylose residues is prevented, whereby the strong 
antigenic effect on the mammalian organism is absent. However, 
Arabidopsis as- a herb only has little utilizable biomass. 
Therefore, for the large scale production of biotechnologi- 
cally relevant glycoproteins these cgl plants are less 
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suitable. AS an alternative, cultivars, especially Solanaceae, 
such as potato, tobacco, tomato or pepper and furthermore 
alfalfa, canola, beets, soybean, lettuce, corn, rice and 
grain, with missing or highly reduced GnTI activity, would be 
ideal for the production of heterologous glycoproteins in 
plants. For this purpose, the methods of homology-dependent 
gene silencing would be applicable (ref. 16, 17). 

AS Fig. 3 demonstrates, the homology of the first determined 
plant GntI sequence from potato {Solanum tuberosum L., St) is 
extraordinary low in comparison to the corresponding known 
sequences of animal organisms (only 30-40% identity at the 
protein level, cf. Fig. 3A) . Therefore, by the use of hetero- 
. logous GntI gene sequences an efficient reduction of endo- 
genous complex glycoprotein modification in plants by means of 
antisense or sense suppression, respectively, (ref. 21), 
probably cannot be achieved. 
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Thus, in medicine and research there is still the need for a 
cost-effective production in suitable organisms of recombinant 
glycoproteins with a minimum of uniform, i.e. defined sugar 
residues . 

Nature of the present invention: 

Since the applicant for the first time has been able to isolate 
and elucidate plant GntI cDNA ^sequences, it- is now possible 
i.a. to obtain and, in particular, to generate any plant having 
reduced or missing GnTI activity, and to detect the correspon- 
ding mutants, respectively, by means of reverse genetic approa- 
ches following transposon (ref. 18) or T-DNA insertion (ref. 
19), respectively, so as to produce glycoproteins with low 
antigenic potential in said mutants. 
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i) Enzymes 

Generally, the present invention comprises different N-acetyl 
glucosaminyl transferase I enzymes (EC 2.4.1.101) from plants, 
e.g. potato {Solanum tuberosum L.), tobacco (Nicotiana tabacum 
L.) and Arabidopsis thaliana (L.). In particular, the present 
invention relates to enzymes, which exhibit or contain the 
amino acid sequences given in Fig. 2 and 3B as well as in the 
accompanying sequence protocol-. 

Further, the invention comprises enzymes, which are derived 
from amino acid sequences of the above mentioned enzymes by 
amino acid substitution, deletion, insertion, modification or 
by C-terminal and/or N-terminal truncation and/or extension, 
and which - if showing enzymatic activity - exhibit a speci- 
ficity comparable to that of the starting enzyme, i.e. N-ace- 
tyl glucosaminyl transferase I activity, and optionally a 
comparable activity. 



In the present context, by the term "comparable activity" an 
activity is understood, which is in the range of up to 100% 
above or below that of the starting enzyme. Accordingly, also 
comprised' by the invention are derived enzymes or proteins 
with very low or completely lacking enzymatic activity, which 
is detectable by means of one or more of the tests mentioned 
as follows. The enzyme activity is determined by a standard 
assay, which is performed with microsomal fractions either 
under radioactive conditions, e.g. using UDP- [ GlcNAc as 
a substrate (ref. 13) or non-radioactive conditions (HPLC 
method; ref 20) . Plant GnTI activity can be detected on the 
subcellular level in Golgi fractions (ref. 21). On account of 
low yields, however, it is almost impossible to enrich the 
enzyme from plants. 
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Alternatively, • an enzyme derived according to the present 
invention, may optionally be defined as an enzyme, for which 
a DNA sequence encoding the enzyme can be determined or 



derived, which hybridizes to a DNA sequence encoding the 
starting enzyme or to a complementary sequence under strin- 
gent conditions, as defined as follows. 

For example, an enzyme derived in such a manner represents an 
isoform, which comprises the amino acids 74 to 446 of the amino 
acid sequence illustrated in Fig. 2 and in SEQ ID No:l and 2. 
This isoform i.a. lacks the membrane anchor formed by amino 
acids 10 to 29. As a result, this enzyme isoform may be located 
in the plant cytosol. 

AS examples for C- and/or N-terminally extended proteins, 
fusion proteins can be mentioned, comprising in addition to 
an amino acid sequence according to the invention a further 
protein, which e.g. exhibits a different enzymatic activity 
or which may be easily detected in another manner, such as by 
means of fluorescence or phosphorescence or on account of a 
reactivity with specific antibodies or by binding to suitable 
affinity matrices. 

Furthermore, the invention comprises fragments of said enzymes, 
which optionally no longer exhibit any enzymatic activity. 
Generally, these fragments show an antigenic effect in a host 
immunized with said fragments, and may accordingly be employed 
as an antigen for the production of monoclonal or polyclonal 
antibodies by immunization of a host with those fragments. 

Moreover, this invention also relates to N-acetyl glucosaminyl 
transferase I enzymes from other varieties and plant species, 
which are obtainable on account of hybridization of their 
genes or one or more regions of their genes: 

- to one or more of the DNA sequences and/or DNA fragments of 
the present invention, as discussed below and/or 

- to suitable hybridization probes according to the inven- 
tion, which may be prepared on the basis of the amino acid 
sequences mentioned in the sequence protocol considering the 
degeneration of the genetic code. 
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Further comprised by the invention in accordance with the 
above are enzymes or proteins derived from these N-acetyl 
glucosaminyl transferase I enzymes, including fusion proteins 
thereof, as well as fragments of all of these enzymes or pro- 



teins . 



ii) Antibodies 



Another aspect of the present invention relates to the use of 
the amino acid sequences mentioned above and of fragments 
thereof having antigenic effects, respectively, for the pro- 
5 duction of monoclonal or polyclonal antibodies or antisera by 

S immunizing hosts with said amino acid sequences or fragments, 

0 respectively, as well as of antibodies or antisera, respec- 

1 tively, per se, which specifically recognize and bind to the 
I enzymes and/or antigens described above. The general proce- 
^ dure and the corresponding techniques for the generation of 
h polyclonal and monoclonal antibodies are all well-known to 
■i? the persons skilled in the art. 

1 25 Exemplarily, by the use of a fragment of the GntI cDNA 
(nucleotides 275 to 1395) represented in Fig. 2 and SEQ ID 
NO: 1, the recombinant GnTI protein from Solanum tuberosum 
with 10 N-terminal histidine residues (His-tag) was overex- 
pressed in E. coli, and, following affinity purification via 
a metal-chelate matrix, was employed as an antigen for the 
production of polyclonal antisera in rabbits (cf. Examples 5 
and 6) . 



One possible use of the antibodies of the invention resides 
in the screening of plants for the presence of N-acetyl 
glucosaminyl transferase I. 

Binding- of the antibody according to the present invention to 
plant protein (s) indicates the presence of N-acetyl glucosa- 
minyl transferase I enzyme detectable with said antibody. In 



general, this antibody may then be covalently bound to a 
carrier in a later step, and optionally be employed for the 
enrichment or purification of the enzyme by means of column 
chromatography. 

on the other hand, a negative binding result using the anti- 
body of the present invention, i.e. lack of binding to the 
plant proteins, may suggest, that N-acetyl glucosam.nyl 
transferase I enzyme is absent (or highly modified by muta- 
tion) and thus, that N-acetyl glucosaminyl transferase I 
activity of a plant investigated is missing or highly reduced. - 

Techniques for the realization of the screening assays men- 
tioned above or the enrichment or purification of enzymes by 
the use of antibody columns or other affinity matrices (cf- 
Examples 5 and 6) are well-known to those skilled in the art. 

iii) DNA sequences 

The present invention further comprises DNA sequences enco- 
ding the amino acid sequences of the invention, including 
amino acid sequences derived therefrom according to the above 
provisions. In particular, the invention relates to the 
respective gene, which is the basis of the amino acid sequen- 
ces described in the Figures 2 and 3B and the sequence proto- 
col, and especially, to the cDNA sequences described in Fig. 
2 and the sequence protocol, as well as to DNA sequences 
derived from these genes and DNA sequences. 

By the term "derived DNA sequences" are meant sequences, 
which are obtained by substitution, deletion and/or insertion 
of one or more and/or smaller groups of nucleotides of the 
sequences mentioned above and/or by truncation or extension 
at the 5' and/or 3' terminus. Modifications within the DNA 
sequence may lead to derived DNA sequences, which encode 
amino acid sequences being identical to the amino acid 
sequence encoded by the starting DNA sequence, or to such 
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sequences, in which, compared to the amino acid sequence, 
which is encoded by the starting DNA sequence, single or a 
few amino acids are altered, i.e. substituted, deleted and/or 
inserted, as well as to such sequences, which - optxonally xn 
addition - are truncated and/or extended at the C-termxnus 
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and/or N-terminus. 



■ Furthermore, the present invention also extends to the comple- 
mentary sequences of the genes and DNA sequences according to 
^0 the invention, as well as the RNA transcription products 
thereof. 

Particularly comprised by the present invention are all 
15 sequences derived according to the . above provisions, whxch 
over their entire length or only with one . or more partxal 
regions hybridize under stringent conditions to the startxng 
sequences mentioned above or to the sequences complementary 
20 thereto or to parts thereof, as well as DNA sequences com- 
prising such sequences. 

By the term "hybridization under stringent conditions" in the 
25 sense of the present invention is understood a hybridizatxon 
procedure according to one or more of the methods described 
Llow. Hybridizing: up to 20 h in PEG buffer accordxng to 
Church and Gilbert (0.25 M Na.HPO., ImM EDTA, 1% w/v B A 
7% (w/v) SDS, pH 7.5 with phosphoric acid; ref. 22) at 42 C 
or in standard hybridization buffers with formamxde at 42 C 
or without formamide at 68°C (ref. 23). Washing: 3 times at 
65»C for 30 min in 3x SSC buffer (ref. 23), 0.1% SDS. 

in the sense of the present application, the term 
"hybridization" always means hybridization under stringent 
conditions, as mentioned above, even if this is not explxcx- 
tely indicated in the individual case. 

Moreover, the invention relates to fragments of the DNA 
sequences mentioned above, including the DNA sequences 
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derived in accordance with the above provisions, to fragments 
derived from such fragments by nucleic acid substitution, 
insertion and/or deletion as well as the corresponding frag- 
ments with sequences complementary thereto. Such fragments 
are i a. suitable as sequencing or PGR primers, screening 
probes and/or for uses as discussed below. For the use as a 
screening or hybridizing probe, the DNA fragments according 
to the present invention are frequently employed as radio- 
labelled fragments. Fragments carrying sequences, which are 
derived from the starting sequences defined above by substi- 
tution, deletion and/or insertion of one or more nucleotides, 
and the sequences complementary thereto, respectively, are 
comprised by the invention to that extent, as said fragments 
hybridize under the above mentioned stringent conditions to 
the starting sequences, or to the sequences complementary 
thereto, respectively. 

On the basis of the DNA sequences mentioned in the sequence 
protocol and in Figure 2, DNA fragments according to the 
invention may for example be obtained starting from plant DNA 
by means of restriction endonucleases using appropriate 
restriction sites or by employment of PGR by means of primers 
appropriately synthesized, or may, as an alternative, also be 
chemically synthesized. Such techniques are well-known to 
those skilled in the art. 

Moreover, the invention relates to any DNA sequences, which 
represent a gene or are a part of a gene encoding the enzyme 
N-acetyl glucosaminyl transferase I and, which in their 
entirety or in a partial region thereof hybridize under 
stringent conditions 

- to one or more of the DNA sequences of the invention and/or 

- to one or more of the DNA fragments of the invention and/or 

- to a DNA sequence, which is derived from the amino acid 
sequences mentioned in the sequence protocol considering the 
degeneration of the genetic code. 
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= hvhr-idization or screening probes are used 
for this purpose, hybriaizarion u ic 
as DNA fragments, which generally comprise at least 15 
nucleotides, typically between 15 and 30 nucleotides, and, r 
necessary substantially more nucleotides. As an example, the 
prlle e;ployed in Example 1 may be used. Alternatively, DNA 
i:ZLs L appropriate length, derived .rom the O.A seguen- 
ces mentioned in the sequence protocol, may be used. As a 
third possibility, appropriate hybridization probes according 
to the invention may be developed starting from the ammo 
acid sequences mentioned in the sequence protocol considering 
the degeneration of the genetic code. 

in this respect, a subject-matter of the present invention 
are also genes encoding N-acetyl glucosaminyl transferase I, 
which may be detected from other varieties or plant species 
on account of the hybridization thereof to above mentioned 
hybridization probes, as well as DNA sequences, D«A fragments 
and constructs, which are derived therefrom in accordance 
with the above provisions. 

The isolation of the corresponding gene and sequencing thereof 
following detection by means of the hybridization probes of 
the invention are well within the skills of a specxal.st xn 
this field, and are detailed by way of example -^^/-P-^^; 
N-acetyl glucosaminyl transferase I from Solanu. tuberosum and 
to the corresponding enzymes from Nicotiana ta^acu. and 
Aratldopsis thallana (partial sequence) in the examples. 

Finally, another subject matter of the present invention , are 

35 ^' , ..t, v-esoect to any of the above DNA 

antisense sequences with respect to y 

sequences . 
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iv) Constructs 

Also comprised by the invention are constructs, which may 
: tionally comprise besides additional 5' and/or 3' sequen- 
ces, e.g. linkers and/or regulatory DNA sequences or other 



-IS- 



IS 



20 



25 



30 



35 



„ ^-p t-he:> invention, including 
modifications, the DNA sequences of the inventio 

the DNA sequences derived as detailed above. 

An example for this' are hybridization or screening probes 
Which in addition to a DNA sequence of the inventron also 
' comprise a detection agent for the verification of hybr.d.- 
ration products, which in this case typically xs non- 
■ H o.ctive e g fluorescent or phosphorescent molecules, 
ri:in;in derivatives, digo.igenin and digoKigenin deri- 
vatiie in this respect, however, radioactive or non- 
ladioactive detection agents may be considered, which may be 
attached to the DNA sequence according to the present inven- 
tion e.g. by means of end labelling. 
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A subject-matter of the invention ate also antlsense 
sense constructs with respect to the D«A ^^^^^^^^J^ 
mants according to the present invention, ..e. w.th respect 

the DMA sequences mentioned in the sequence protocol and 

the corresponding genes; 

-3 i .^^A ^hie^y^frnm in accordance witn 
the DNA sequences derived thererrom 

the above provisions; 
. one or more regions of these DNA sequences; 
. DNA sequences, especially from other varieties or plant 
species, which represent a gene or are a part of a gene 
encoding the enzyme N-acetyl glucosaminyl transferase I; 
and which hybridize under stringent conditions 

- to one or more of the above DNA sequences and/or 
to one or more of the above DNA fragments and/or 

- to a DNA sequence, which is derived from the 
amino acid sequences mentioned in the sequence 
protocol considering the degeneration of the 
genetic code. 

furthermore, the present invention extends to any DNA t ns- 
£er systems such as vectors, plasmrds, vrral and phaqe 
qenor.es or cosmids, which contain the D«A sequences according 
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^inn e a the GntI gene, cDNA and DNA 
regions according to '''^ ^ particular antisense 

rrer:::^.3 ---- 

according to the above provisxons. 

V, • for the production or synthesis of DNA, 

various technxques for the p according to 

fragments, con-r^cts ansf^^ ^^^^^^^^^^^ 

invent.on e^.. using suitable primers, optio- 

nucleases, PGR ampliti additional chemical or enzyma- 

nally followed by clonxng and ^^^^^^^^ well-known, to 

tic modification starting from plant DNA 
those skilled in the art. 

one pos3i.iiit. o. application o. t.e - ^^^^f 

— ^^r.rrrVni: In Plants otner t.an 
) tyl glucosaMrnyl t--^-^- ^ sequence 

those, ro. /'^^^ potential (other, 

protocol — ° ^,,,osa.inyl transferase I gene in 

r::rrt::g ptrts^tLi .u..rosu., ...o...n. ......^ an. 

Arabidopsis thaliana. 

■v., fr. „„ke use of a plant genomic library or 
„ it is possible to ;;;^^^,„/3,p,,i„ent, a positive 

,0 -^'^ ^^^"'^ '""^ Tof L h sc-ening of each library may 
hybridization result J= the desired 

indicate a clone or a few clones ^^^^ 

seguence ---"^^ "Jl^'e^^^ith only a limited amount 

35 -inyl of the target plant, which 

°' tet f acTutates^drning and sequencing of the tar- 

approprrately ^ ,<,^ amplification of the gene 

get gene. As -Z^^^^";"";; out starting from plant 

^„ or parts thereof -J ^^^^^^^^ primers, to feci- 

DNA and suitable constructs, 
litate cloning- and sequencing. 
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i-y^a invention/ which are 
one use of sequencing primers of the invention, 

synthesized starting fro. suitable regions of the sequences 

accord ng to the invention, e.g. enables genomic sequencing 

starting from the entire target plant genomic DNA cleaved by 

restriction endonucleasas , by means of the Church-Gilbert 

rescricLX'jii -nNA level following 

technique, as well as sequencing at the cDNA level lo y 
technique, ^ ^ ^y,^ tntal RNA of the target plant 

RT-PCR amplification of the total RNH 

(cf . Expl. 1) • 

An alternative possibility of application of the DMA hybridi- 
Tatron probes according to the present invention derived from - 
neDNA sequences mentioned in the sequence protocol is the 
use thereof according to the invention for the detection of 
Tlants with reduced or lacking ^-acetyl glucosaminyl tran - 
: :::: I activity. - hybridl^atlon a.periment s r es « 

detect the N-acetyl glucosaminyl transferase I (GntI) gene by 
!hich it may be concluded, e.g. owing to a negative hybridi- 
Tat on result under stringent conditions, that the OntI gene 
Tnd thus, N-acetyl glucosaminyl transferase I activity in a 

plant investigated is lacking. 

25 ,. ^. ^<=^hn-imies for the detection of proteins 

Such hybridization techniques ror 

or genes particularly in plant material by means of DNA 
"obes are also known to the persons skilled in the art. In 
probes ar referred to the above statements under 

- :::: r^tr ^V----ion conditions, .enerally 

suitable DNA hybridization probes comprise at l^^^' 
nucleotides, of a sequence, which for example is derived from 
The CDNA sequences mentioned in Fig. 2 and the sequence pro- 

" tocol or from the corresponding GntI genes. 

v) Transformed microorganisms 

'° Furthermore, the invention ' relates to microorganisms, such as 
Tactetia, bacteriophages, viruses, unicellular eu aryotic 
organism . such as fungi, yeasts, protozoa, algae, and human, 
animal and P-nt cells, which have been transformed by one or 



- 16 - 



10 



15 



20 



25 



30 



35 



40 



Me 



n.ore of the DNA sequences of the invention or one or more of 
the constructs of the invention, as illustrated above. 

Transformed microorganisms according to the present invention 
are used e.g. as expression systems for the transforming 
foreign DNA to obtain the corresponding expression products. 
For this purpose, typical microorganisms are bacteria, e.g. 
such as E. coli. Furthermore, transformed microorganisms 
according to the invention, in particular agrobacteria, may 
be employed e.g. for the transformation of plants by trans- 
mission of the transforming foreign DNA. 

...thods for the transformation of cells of microorganisms by 
(foreign) . DNA are well-known to those skilled in the art. 

For this purpose, e.g. constructs referred to as expression 
vectors are used, which contain the DNA sequence of the 
invention under control of a constitutive or inducible promo- 
ter which, if necessary, is additionally tissue specific, so 
as to enable the expression of the introduced DNA in the tar- 
get or host cell. 

Therefore, a further aspect of the invention is a method for 
the production of the enzymes and proteins of the invention 
by using one or more of the transformed microorganisms of the 
present invention. The method comprises cultivating at least 
one microorganism transformed by the DNA of the invention, in 
particular by one of the cDNAs mentioned in the sequence pro- 
tocol, under the control of an active promoter, as defined 
above, and isolating the enzyme of the invention from the 
microorganisms, and, if applicable, also from the culture 
medium. It is understood, that this method also -^^^^ 
the production of enzymes and proteins, respectively, which 
are derived from the enzymes according to the present inven- 
tion from Solahum tui,erosu;n, Nicotiana tabacum and Arabidop- 
sis thaliana, as defined under i) above. 
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. ^ r^f transformed microorganisms are 

Methods for the cult.va .on of transf 
well-knowh to those s..lled .n the art. 

f-xoressed enzyme may be empxuy 

rrh:;re.:rLe. . \r:.— .r^::: . 

' . r—^c^. :ohtr\rr^;'oa.es a..hst the eh., 
bound to the packing material. 

vi) Transgenic plants 

' — ofTr seZnn:rx%:^rh: ' 

3„ „ahsfor»e. hy . ^^^^^^^^^^ „spectivel.. .ccor- 

15 invent.Oh or a cor P ^^^^ „ansgehic plahts, .n 

dingly, there may example on account of a missing 

which a GnTI deficiency, for "-"P^^ regulatory 
defectice .ntl gene «/-J° ^:::::r complementation 
j„ regions of this . ^^^^ sequences mentioned 

using a construct derived fr ^ ^^^^..^ said con- 

in the sequence protocol, »herei constitutive or 

— is t additionally tissue speci- 

,3 inducible promote '^^'^^ ,,,,essed on 

: of the DNk of the invention contained in the con- 
account of the D«A complements the GnTI activity 
struct and having GnTI activity 
3D missing in the starting plant. 

nlants. in which the GnTI 
considered - -nsgenic plant^,^ ^^^^^ ^^^^^^^^^ 

activity already present ^ransgene introduced by 

- ^n:"a" r accor'din: to the present invention. «P 

means of a construe ^^^^ 

^v,« pxtremelv low expression of tne i^nzi y 

,o now, the --"-^ l activity, which ccrre- 

accompanied by ^^""""^"^ d,,^ct, has been a main 

spondingly was 3„,,,e N-acetyl glucosa- 

problem in the p.c^lem of a too low GnTI 

"^"^^"::::::rin Plir: bJUrcome by the coe.pression 

enzyme activii^y . 4. ■ ^„ 

. ^ rM-P=c;pnt invention, 

of a DNA according to the present xn 
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...3 case, .a. .e P-.-^-^-^rntr'ar^ran: 

comprxsxng a sequence g ,,,i,^,ent and purifi- 

enables a facxlxtated detect ^^^.^^ ^^^^ 

cation, respectively, of the P^°^^^" ^ ,f , 

This is for example accomplished by tne u 
actxvxty. Thxs expression of a recombinant 

^oecific DNA sequence for tne exp r-i-Prmi- 
^ . .aid sequence carrying a N-termxnal' or C termx 

GnTI enzyme, saxd sequent ^^.nitv marker. If it is 

additxonally xntended to p affinity marker, which 

™n t.e Tor a speL.ic. 'protease, clea- 

.epresents a °" ""/;^,„,, 3,,„en=a extension from 

,.,e of tne «-ter„.nal - J;™^^^ ,3e of tnis 

rp:orfro"::^- -%n.X^n.^e t.ere.. o.ta.e. .n 



isolated form. 



.n example for tnis is tne use of a ^ ^^^^^ 
.ne present — ; ^ J^^^^^^^ ^tension, encoa.n, t.e 

" rr^trlr. rUnUo <-rep-ta.. ref. 3„ . an. an inter 
arrinxuy . ..^ tppr The expression or tne 

— -:"-:;r;e"pre:t^rveron Iro^i/es 3n.X enzvmes 
^1^:^:1-"^: nal se^uence extension mentioned, ^eans of 
. the expressed plein molecules specifically bind to a 
„hich the expressea p isolated, 
streptavidin derivatized matrix, and J specifically 

of the protease tacror Ad op 
Then., by means of the p portion of 

3^ .eoo.ni.in. the amino ac d se,u c .OK, - -^^^ 

rp^tr rermlrrrelLd from the streptavidin deri.a- 
tiTed matrix by means of biotin or biotin derivatives. 

^° . further example is represented by D» ^^^ZZlVT 

^^-ir. wb-irh comprises multiple, e.y. r 
tion, encoding a protexn whxch co p addition to a 

---^-routtih?:-::::::" rtiri residues, isda- 

GnTI enzyme. Due to T-nt: 
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^- of the proteins expressed 

may be easily , Example 5) . 

graphy (e.g. Ni sepharose) (cf. 

nortions of such transgenic 
, Moreover, the invention comprises P ^.^^sgenic seeds 

' plants, adequately transformed plant cells, 
and transgenic reproduction material- 

of nf the invention is the use of the 
„ A further important aspect production of .. 

sequence ---^^^^/^/rallllg -acetyl glucosaminyl trans- 
plants having reduced or lacKing 

ferase I activity. 

^° r.on have already been described above. 

■K'Hrles reside in the use according to 
TWO additional possibUitie ^„„,„ucts, respectively, 

2a -^^""r -fed^rrrt e 0 . sequence o. a plant .ntr gene 

Which are derived from rn „ith reduced or lack- 

the production .^se . --"^ °^ 

ing N-acetyl glucosaminyl transte i6,n).TheDNA 
homclogy-dependent gene s l,„crng^^^^.^^^ ^^^^^^^^^^ 

seguence used as a 9 be 

the constructs, may be aer rf.ff.rent plant variety or 

„ansfor.ed itseU but ^^^^^^^^^jJ^ll'TeJ constructs, as 
35 species. In particular, of use. 

rruy, tre"cor:ct:"eLpiryed co^nse at least SO to 
200 and more base pairs. 
40 , constructs employed for this purpose 

xn P«^^-^";^^;^"%;°:: 200 and more base pairs, with a 
comprise ^"^Jl^J^ the basis of 

sequence, which is derive 
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. ... sequences .enUone. in t.e sequence pro.cco. 

and/or t.e corresponding -'y-" ^^^e and/or 0.. fra,- 

- -^-^'^ ™: " sent —ion and/or 

„ents according to pre=en ^^^^ ^^^^^ varieties and 

defined under items iii) and iv) above. 

^ = a strong constitutive or 
.eneraiiv, -struots ^^^^J^^ ..^s.e speci- 

rir^rJanT o" :.::: t.e antisense or sense sequence 

regions are controlled. 

f transqenic plants by integration of 
in the production of "--^^^ ^ , by viral 

antisense construct(s) .nto ^^\f'%^^^3 ,33ns of virus 

starting plants or plant ceils Dy 
infection of ^^^^^"""^^^ .^^^^,3^ for an extrachomosomal pro- 
containing antisense antisense construct or the 
pagation and ----^^^-:,::,:rprt tissue, it is intended 
antisense constructs in xnfected p transcripts to 

- achieve a ^^^^^^ 1 at the K.. level, 

transcripts of the antisens ^^^^ ^ 

„nicn prevents Vrcrta"e: Stents o. .-aoet.i 

corresponding enzyme activity. 

^ r^i^ni-s according to the invention 
^ .or tne «ansfor.at.on o. PXants ac 

with antisense constructs ^^^^^^ 
wnicn ^^''" ^ Vr.r sequence protocol, or to 



40 



mentioned in Fig. z ""^ 'generally comprising at least 

corresponding regions tnereo 9 ^^^^^^^^^ particularly pre- 

trusT or^raVents, the tr.scripts o. .ich 
^l-^ r ".rlich or in the pro.- 
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.-nv the attachment of ribosomes would 
^ity of which usually ^he at 
occur. Examples of such constructs are 

o nf an isoform in Solanum tuberosum, 
Xn View of the -~;/^/;,;^,,,.p,asm due to lac. of the 
, „Mch probably .s located .n the^ ^J^^,^^^ ...etion, it may 
membrane anchor (aa 1 giucosaminyl trans- 

,,be desirable to target on y cisternae, i.e. only 

f erase I enzyme located .n the ^^^3^, 
^^mr.ri<^ina the membrane ancnor. 
0 ^"^^-^ 'le the effort or, in the individual case, , 

this des.re may be ^^^ j'' ,3 possible the - 

also the requirement, to affect 

-"-rnfc rr^:j:sa:^.r:::n;^'se i .ssibiv . 

15 cytoplasmat.c « acetyl 9 ^^^^^^^^^ constructs may be 

of importance, l^' ^ JesL invention, which themselves or 
„3ed according ^'^ ^""^ ^'^'^J^ j^hridize to a DNA or 

the transcripts o respec y_^^^ ^^^^^^^^^^ ^ 

^° ■'''\":f the % untranslated re.ion and the codin. re.ron 

rj^/tie membrane J;--- .^roft::::;.:: 

rirT^n;^rr:r°rr:o^srdered harmless for the 
purpose mentioned above. 

the production of transgenic plants ^.^^^^^^ ^ — 
30 constructs into -J^^ ^--1:^^ "Ls containing sense 
« °for' extrachromosLal propagation and expression of 
construct (s) for extr ,„fected plant tissue, there are 

the construct or constructs ^ according to .the 

35 :r : of -id constructs to the endo- 

„crK of raske et al ^'^^^^^.^..onal or DNA level, re- 

genous SntI gene at a POsttr P translation of 

spectively, which finally affect o P „,„gehic 

the GhtX gene. '^^^ -^^^''^J^^rtao,,^, ^-acetyl glucosaminyl 
plants having reduced or even 
transferase I activity. 
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Methods lor the stable integration of such ant.sense and 

Tense c-s«-" ^^""""^ " / al 

infection o£ plants ' or plant cells, respectively, for an 

Txtrachro^osoJl propagation and transcription/eKpressron of 
Tuch constructs in infected plant tissue are well known to 
' those sUlled in the art. This includes the direct D«. trans- 
fer ,a 9 into protoplasts by .eans of electroporat.on or by 

■ : addition of a high molecular osmotic agent as well a 
biolistic methods, by which ONA coated particles are shot 

■ into the plant tissue,, such as the use of natural 
host/vector systems <e.g. agrobacteria or plant vrruses, For 
via infection of starting plants or plant cells by vrruses 
viral rnre ^„nstructs for extrachromosomal propa- 
containing appropriate constructs ro ,,„„.tructs in 
gation and "anscrrptron/expression 

infected plant tissue, a variety of specific . 
tobacco mosaic virus (TMV) or potato virus X, is available. 

Representative plants, which are suitable for such integra- 
Tion comprise dicotyledonous as well as monocotyledonous 
c :;vated%iants, in particular Soianaceaa such as pota t 
tobacco, tomato and pepper. Additionally, banana, alfal a, 
canola, beets, soybean, lettuce, corn, rice and grain would 
: i able target plants for the use of homologous antisen e 
constructs, ror example, the sequence from «abidopsis tha 
,„ liana mentioned in the seguence protocol appears be 

^0 , -v^KT^ a starting sequence for the trans 

narticularly suitable as a stdicj-iy 

rla ion according to the invention of ^r^^^'^^^^^.^^ 
canola plants, by means of sense or antisense constructs. 
„ rurther plants of interest are any plants, which express gly- 
coproteins of interest for medicine and research. 

Generally, it should be noted, that the transformation accor- 
^ Tg to the invention of plants, which in the correspondin 
region of the GntI gene exhibit a homology of 2 ^Cat the 
uc leotide level to the employed antisense or sense constructs 
. according to the present invention, typically results in 
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, of the invention, which show the desired 

transgenic plants of the .^^^^f erase I activity, 

reduction of N-acetyl^ glucosamxnyl transfer 

•v.'m-w is seen in the targeted de- 
.urther. another P-^^^/^^^ ,Xucosa»in.l trans- 

JoT.ref 2 " in a target plant using a suitable 
«co,^.nat.on <re£. , ^^^^ ^^^^^^^^ 

0«A procedure established for yeast 

invention, similar to tne p 

systems and manimals. 

..rther, the present Invention re^T^fenre":::! 
„.ich have been transformed by 3ame, 

.„ucts mentioned ^^^^^ ^ /"^sU .rans.enio plants, 

respectively, as well as pa „^„,genic seeds and 

correspondingly transformed plant cells, 

transgenic reproduction material. 

* f^.naaenic plants, e.g. by means 
Methods of the production of "-"^^'"^^ " 0«A 

of agrobacteria- or -™^"^^"/f/,;t\rt. Concerning 
transfer are .no„n to --^^--^tran^sf^mation, the above 
representative plants for sucn 
mentioned applies. 

„w nlants obtained according 

The plants of the invention and ^''J P^^^ 

,o the invention, ^^^^^^'^ " "activity, may be used 
3...y. ^-^^^\J:ZT:.r the production of glyco- 
according to the inv« defined, sugar resi- 

tL:;r'r.,'"rr..;.:...:.- ... ..... 

of raw material and food as represent ideal 

tical disposal via composting P^-^^ J^^^^^^^^^, ,3 now 

bioreactors. According to the P-^/^ ' or pharmaceutically 

f^snress biotechnologicaiiy f 
possible to express therapeutics of low antigenic 

relevant glycoproteins (e.g. therap 
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potential for .a^als, In cultivated plants in which GnTI 
activity is highly reduced or completely absent. 

accordingly, the invention /^rtr r/in^ s^'r 

duction o( glycoproteins with "'J^^^^^ to 

«=--'r^^t%:rr:rsu:h -ts or o. Plant ceus 
the invention, °* invention, each expressing the 

transformed according to the ^^^^^^^ 
desired glycoprotein, as weii ^ 
protein from the cultivated material. 

context, representative cultivated plants are 
Xn this ^^/^^ tobacco, tomato and pepper. 

Solanaceae, in particuia ^ ^.f^lfa canola, beets, soy- 

Furthermore possible are banana, alfalfa, 
bean, lettuce, corn, rice and grain. 

of the enzymatically controlled and plant speci- 
The sequence of the enzym secretory glycoproteins are 

N-glycan modifications, "^^^V^J^^^^'^J, Jpparatus of 
subjected to during passage through the Golg PP 

.igher plants, is ---:^-^^^\;3tf7icTen?^^^^ 
thesis block due to lacking or ^J^^,^^ a 

25 , , =r,«f^rase I (GlcNAc transferase I) activi y 

.,,,1 transfera e I ( ^^^^^^^^ predominant 

plant ^-^^J/;;;;^^^^^ MansGlcNAc^ type, i.e. gly- 

formation of glycans ^ ^^^^^ ^,3,,,33, which 

- rr:™:; i.Po..ance for medicme and research. 

the genes encoding the desired glyco- 
.or this P-^-- ,,,i, ^.tural producing plants, 

proteins .ay be --^^^^^^ present inven- 

which have been °\ „^ 3,„3e constructs to yield 

,i,„ e.g. fj";™ cr missing K-acetyl glucosa- 

transgenic plants with reducea 
minyl transferase I activity. 
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r^Id "v%L Tens codina the desired glycoprotein. In 
formed by the g .^^^^ructs may be employed, which con- 

5 order to achreve , glycoprotein under the 

tain the gene --'=°^^2tTutl" or Inducible promoter, which 

+-.^^1 r^f ^ stronq constitutive uj- j-^ 
. control ot a sT^^uny inte- 

1. optionally tissue ^^^^l^^J^J'^^^j '::::^..,,..,,. the 
.0 :::: :r ronlct'd by vlral infection by 

:LuT con ainin, the ,ene for the desired glyco- - 
means or a vri.uo ^-^^ onH exoression of 

protein tor extrachromosomal propagatxon «P« 
„ the gene. The glycoprotein may then be expressed 
" respective host plant and obtained therefrom. 

,^.,r„tive the procedure may be such, that 
Naturally, as an alternatrve, the p construct or 

•„ifH»llv a transformation using an expressi 
20 Initially at encoding the glycoprotein is per- 

.irus containing the /„^^3,„^,tic„ „ith one or 

formed, and subsequently, another t invention or 

. ,.ntlsanse or sense constructs of the inventio 
more ot the »"=^"=; containing ' the corresponding DNA, 

25 "">^ 7 °^ 'po sible to perform a simultaneous 

is performed. It is aibu y ,Hrnc: con- 

3„ encoding the desired glycoprotein .piggyback version, . 

„lthin the scope of the present invention, ^"^-^/^^ f- f;;, 
sidered a viral overinf ection of the "-^^-^^T^'^/^fJ. 
dina to the invention, in which integration of an anti 
35 ding to tne encoding the desired 

^r^^'^TelnTn^ tt genome has already occured, by viruses 
glycoprotein into the g ,,n3„,ct and/or the gene 

containing the antisense/sen additional 
encoding the -^^"^ ^ .^^^"^^^J^. tLn or expression, 
extrachromosomal -----^/rresurt the concentrations of 
iLir ™l respectively, or of th^ expr sed 

increased in the transgenic plant ceiis. 
glycoprotein may be increasea 
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for the production according to 

.ay prov. ^^'^^^^^^^^^Z^ J,.... .lycosyiation. to 
the invention of glycoprote:Lns w ,^ 

„se tissue specific J^^tprotein; specificaiiy 

intended to obta.n the ^".red 9 P ^^^^^^ ^^^^^^ 

only from certain parts P^^" tissues, tissue specific 

Today, for a large variety °' J^7;J^;=:;„;3ion of foreign 
promoters are available, «h.ch J ^ ^ 

,enes specifically only in :^,,3s 1 <ref. 26, 

t..er specific pro.ot rs pa. ^^^^^ 

and proteinase inhibitor P promoters exhibit 

tioned. under -"""/^';";;;;°t'e. they can be induced by 
expression also in 3,„„3e, and in the 

high netaboiite 'J";^ ^...oter also by .nechani- 

oase of the proteinase inhibitor "J 
.,1 lesion or by spraying with abscisic 



cai lesion 
respectively. 



.he use Of tissue specific ^'^-^^^X^^^ 
„ses. Where the ^racc^ding to the invention, 

3 — ::rwr r eU.d f . t. t^sf or .tic. .rn 

. :r coUponding 

plant cells. 

. .-r. taraet glycoprotein, human glucocerebro- 

.3 a -P-----;J^7;: therapy of the hereditary 

sidase may be used ^^^^^ ^^^^.^ ^^^^^^ 

Gaucher .3 disease ^^^^ Jj^^,^^, defined sugar resi- 

glucocerebrosxdase ^f^^ J^^^ ^^^^ invention which are trans- 
dues, e.g. P^-- .ay be transformed with the 
formed by means of ^'^^^^^^"^^ '^,^^33 ^^r this purpose, the 
gene encoding human glucocerebros.dase . 

40 ^ , ^^-;h = q(=* cDNA sequence (rer. ooj 

human glucocerebrosidase cD« q ^^^^^ ^^^^ ^^^^.^.^ 

" " a™r that the reoo^inant en.yme carries a C- 

ret::::i^:e:ure e;tension encoding an affinity .ar.er ,e.g. 
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,ea.e ^^'^^^^^l^,^ ^^TL =c-c™. sequence t.us 
region and the aftxniry ^n^nts of the present 

T • /-^-ht aTTt-i<^ense planus ui. l-h^ t^-^ 

al.erea is -P--;^ ^^f^ Tnd optionally tissue specific 
invention .y usin, a stton p^^ ^^^^^^^ ^^^^^ 

promoter (e.g. for P"" ,y„he- 
■ specific B33 patatxn P-^"-^""-^' ' =° ^.jined N-gly- 

,,.ed in t^ese plants ^^^^'^l^jf^JZl Z facilitate the en- 

c Th^= affinity marker is mtenaea uu 
cans. Tne aLo-xiiJ-^-y ^r-om the transgenic 

w^r^or>i- P^nzvme from T-ne u-lci 



, „f the recombinant enzyme from tne 
richment of the rec ^^^^^ 

.orecr, ZJ. a streptayldln deri.^ ^atri. 

the -"--/-::/:rro:i: derJrves. .^e removal 
T ttXTpatavirn derivatized matrix may also be carried 
from the ^"/P^" ,„„„„t3 of a protease, which exhr- 

out by p,<,tease recognition site located 

bits a specificity for the pr affinity marker. In 

between the GnTX enzyme region and the J 
this case, only the GnTI enzyme ^ase, 

. This could be advantageous especially in 

Tf th. aff^ni:; marker sequence has a detrimental effect on 



the GnTI activity. 
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v^ciHnpc! the MansGlcNAca-gly- 
";:t%rcrrebr:rdrse"^o;r:;e; from the plants Of 
cans of the glucocereD .^^^ by macrophages as an 

the present ^^^"^^'^ ^Jl^,,, be employed for the 
uptake signal, ' ,^ ^^3,,,^. Currently, a therapy 

:r::iy rosrir:::: rprive isolation and deglycosyla^lon 
of native glucocerebrosidase (ref. 25). 

„,<„otion of recombinant glycoproteins may 
^accordingly, P;°^";";,"/J,, p,,nt G.tl sequences com- 

be highly facilitated ^JJ^J'l ^..^.^.^ ^eglycosyla- 

:"^\Tpr" o: -::;s, is techmcauy deman- 

GnTI deficient animal cell lines (ref. 7,10). 
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Description of the figures: 



Fig . 
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of Dlant specific N-glycan modifications, 
sequence of plant sp subiect to during 

u'^v, c^f^rretorv glycoproteins are subDec-c 
which secretory g y P ^us of higher plants 

passage through the Golgi app modified 
(ref 28). The biosythesis block to comp 

based on a deficiency in GnTI activity 
! rr i eitrer caused by a defective or missing 
(Which IS eithe .eduction of the GntI 

OnTX enzyme .^^JJ f ^^..^..^d by a cross. Meaning 
gene expression) and is m ^vlose resi- 

cf the symbols: (F) fucose residues, (X) xylose 
dues, (•) GlcNAc residues, (□) -nnose residues. 

^ r.^ ^ nlant GnTI from potato 
---^turnla linJ ac" a sequence .educea 
,SoIa.u- ""-V complete cDNA ot the 

..erefrc. i3ofcr„ f.om potato 

leaf tissue ^j,^^ ^„ 

linkers at the 5\ and 3 eno» 

i .hli^htea by boldVetters, the Mndin, s.tes of the 
r,enerate oU,onucl\otides used for obta.n.n, the KT 
PCR probe are undefined. In contrast to already 
published animal GnTl\equences, the protein sequence 
rrU fro. the Potto o.. --^^ 

rerr^IlTsTnridty an asterisk, .he re.ion 
of the me-^rane anchor il highlighted in italics (aa 
10 to 2T The start of \he isofor™ , which is 

10 to 2y) . Xrm^nl is indicated by an 

potentially located m the dytosol, 

arrow. 

of identity or similarity, respectively, of 
V'^Z tT^Jn.. deduced fro. a co^lete .ntx 

- cDN. sequence from potato (M, in ^^^^^^^^Xl Zl 
rnTI seauences of animal organisms, which have been 
Telected fro. data bases. Identical amino acid posi- 



■ in bold letters, similar 

s-\ are printed m uux>^ 
tions {in ^) are y ^ ^ brackets under- 

N qt- Solanum tuberosum (potato) . 
worm); St, i^oj-diiui seauences of 

derived ammo acio ^^^^ 

C_Atb-FuU, GnTI tro similar aa in light , 

aa are highlighted \ in black, aim 

grey. 

the Gntl-antisense constructs 
Cloning strategy of th ^^^^^ ^ ^^^^ ^^^^^^ 

,3ed. Following ^" ° ^^^^^^tion site of the 

«s ^""°<^"-r^"\\t,Xrexpression vector p.3= 
polvlinker ^^^^H''' M-.ntI-cDm «as 
(.pR35N) (ref. 29), and t ^^^esponding anti- 

inserted into p.35» "^^J^'^J^^ .Netted into 

3.n3e construct -p.3S«-la^^ ^^^^^ ^^^^^^^ ^ 

,,„ar. vector P " ^ amplification, a frag- 

Additionally, foiiowincj cloned 

<. »K» ttl-Gntl-cDNA comprising op 
ment of the Al GntJ ,,3„iction sites in 

into PA35N via Xbal ^""^ ^ and also 

antisense o-en ta i ^^^^^^^^^^^^ ,_,als in 
^sl^'s of the restriction s^es in^t. 

"cY: ing^ v-oi .'.omega,,- 
ra^rsHohstirtL; 3SS premier ;;--;flo,e. 

nrqnA polyadenylation signal oi 

-»-r afe rsriirio:-:::::: 

confers kanamycin resis left/right border 

3ignal of --f/J-rrr ec ' arrow, translation 
-,,,he T-0«A of he binary ^^^^ ^^^^^^^^ 

initiation (ATG) , , 
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which is potentially located in the cytosol (7 aa 
substitutions in comparison to Al) . 

. Extent of suppression of complex glycoprotein 
' modification in transgenic potato plants transformed 
with the long GntI antisense construct (cf. Fxg. 4) . 
A, Coomassie-stained SDS gel from leaf extracts; B 
western-blot analysis (Ref. 13,33) of parallel 
samples developed with a complex-glycan antxserum 
(Ref 12,13). The lanes contain 30 ug each of total 
protein: cgl(Ara) , Arabidopsis cgi mutant (Ref. 13); 
WT(Desi), wild-type potato; the numerals refer to 
individual transgenic potato plants; the arrows 
represent molecular weight standards of 66, 45, 36 
and 29 kDa, respectively. 

^•p =:r,<=.rificitv of the generated GnTI 
via 6- Detectxon of specirxci^y w = ^, ^ 

20 ^^"3- . f^nnwina cell fractionation (Ref. 40) of 

antiserum followxng cexx j-j-o 

tobacco callus material. For Western-blot analysxs 
(Ref. 13,33) 30 ug of protein were applied per lane. 
The antiserum was used in 1:1000 dilution. Lane 1, 
homogenate following separation of cellular debris; 
lane 2, vesicle fraction following column chromato- 
graphy; lane 3, sucrose gradient fraction I 
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(microsomes); lane 4, sucrose gradient fractxon II 
(plastids); lane 5, antigen used for immunizatxon 
(recombinant GnTI fusion protein); arrow, molecular 
weight of about 4 9 kDa. 

Explanation of the abbreviations used in the text: 

.a, amino acid(s); bp, base pair(s); EMS, Ethyl methane sul- 
fonate (mutagenic agent) ;-F2, second filial generatxon Fuc, 

^-T^Mikr' M-acetvl qlucosamxne; bnix, 
fucose; Glc, glucose; GlcNAc, n aceuyx y 

r=etvl gluc^sLnyl transferase I (EC 2.4.1.101,,- Gntl. geue 
for GnTI (nuclear encoded, ; kDa, kilodalton,- Man, mannose; 



PAGE polyacrylaitiide gel 
PCR, polymerase chain averse transctip- 

electrophoresis,- ref., refers ^^^^ ^^^.^^ ^^,,,,1 

-----^-re«:x:r.y-e. 

sulfate; var . , variety, 

^ n be described in more detail 
■' „ following, the i--^-" ,„,,„,ed to illustrate the 

-ans Of invention in any ^nner. 

invention and shall nou 

0 

Example 1 

• of nlant GntI cDNA clones. 
J ^Haracterization of plant 
Isolation and characteri 

A 1-ohacco leaf tissue, 
otal KH. was isolke. fro. potato^^an. ^^^^^^^^^ ^^^^^ 

^and CDNA fragments ^ ^° J^^,, p^^ers (procedure ana- 

KT-PCR in co*inatioA wrth ^J^^^' .observed amino 

.0 — - ".nowfcx s^^uences frome animal organisms 

acid regions of taownx (rT)(GC)I GCI TGG 

,3ense primer 1*, [^.^^^.^ primer 3*. 5'-CCA ICC 

XT (AG, ICC (ACGT,G(CG. \aG) ^^ < temperature 

" each primer per 50 ul elution, the ends of 

55-C and 45 cycles) . V^l""^"^. ^ ^^^ed using DNA 

the PGR products were ' ^4 polynucleotide 

3. polymerase I and P^-P';°r,\\tv restriction site of pBSK 
.inase) and cloned mto theXEco ^^^^ ^^^^ ^^^^^^^^^ 

(Stratagene) . By ^^-P""'"" Xlty of the derived amino acid 
the primers (arrows, , the ^ products could 

„ sequences from the potato and\ ^Q,R/„,QFVQDP(D/y)ALy£Sc= 
" be confirmed as L clone each, radio- 

(homologous aa are -^"^^^^^ V ^.^ns of PCR (standard 
labelled probes were ^Vnthesi.eM y ^^^^^^ „„,ieotide mix- 
PCR assay using Regenerate prime* „...p.dCTP l>3000 

^ ture Without dCTP, but mstead wi^-^^^^U ^^^^ ^^^^^^^^ 

Ci/mMoll,, and different \ ^„,,,,po„ding homologous 

G„tl containing clones \ (procedure analogous 

potato or tobacco probes, respec >(e 
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V, .tAinqent hybridization conditions have 
,ef. 31; the st^xngent J ^^^^^^ _ ^^^^ ,,^,3,ies 

already been and still growing plant 

were prepared "^T^^^^^ ,oNA synthesis and ligating 

parts (-^^ ^^^^^^^^ • X Synthesis .it, Pharmacia) EcoRI 
EcoRl/NotI adaptors (cD^A ^ ^^^^ ^^^^^ packaged and used 

compatible lambda cells ' (Lambda ZAPII cloning and 

"-^^^^^ f " LatagL). Following amplification of the 
packaging system, ^tratage^ ) isolated from 

Ubraries, one --'-^ W .c .ig- 2 and SEO 10 

a potato leaf s.nk library VAl according to SEQ - 

^ ^tr/s two a^ional clones from a tuber sink 
ID no: 3), as well as tw ^ amino-acid sequences con- 

library (A5, A8). The <^-^--^V j^ Asn-X (Without Pro) - 

.am a potential -J^V^sV \t.on s.^^,^^_ ^^^^^ 

Ser/Thr, in --^^^^^^ .'^^ 3^ codons in all three reading 
GntI cDNA sequences carrxe j^ ^^^.^^ ^^^^ _ 

frames in front of the ^^^J^N ^^^^^ clone (A6) 

region shows high homology ^^^^^^^ _,i3.ely dif fe- 

,only 2 aa ^^-^^'^^'1^ '^^^^^^ the membrane 

rent 5' --"^^^^^^'^^jTe Lgi enzyme is missing, so 
anchor characteristic for the ^ ^^^^^^^^ 

..at this --/::-7j::ro:\ by means Of the gap or 
sequence comparisons carr y ^ 

pUeup option, respectively, and t ^^^^.^ 3^,,^.33 

software package (J- °-:-7;_3V ,^,,,,,3, that the de- 
(1984) Nucl. Acids Res. 12 \ ^^^.^.^ ^^ly 30-40% 

duced plant GnTI amino-acid seq ^ ^^^^^^ organisms 

— T.:iu:":^r:« 4--^ ^^^^ 

(75 - 90% identity. Fig. 3B) . 

• the caseXof Arabidopsis thaliana was analo- 
■he procedure xn the casev specific probe first a 

gous, wherein for the P-A-^;°\;^J ,,_pcR using GntI 

partial J-^^: J/^^^^^ CCA CTC CC.AC) OCT OTA 

sense prxmer 4A (5 ATC ,33triction site underlined, 

GTT ATG OCT TGC-3 , ^^^^^^^^^^^ ^..^^r 3^, as defined 
BamHI printed xn bold) and 
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. Vete com clone was isolated from a 
above. First, a ^' "-^T;,; °3ing this probe. By means of 
pnage library ^^^^^^ ";;rf 3,;; ^ -terminus was ampUfxed 



another library (vxa ^un.qu P^^ ^ ..^-length cD«A 
5. region, -^ -^/^T .uence determined by »eans o£ 
sequence. The V^^.. 

■; o It sted m bt.y -^^f 
sequencing is lisiieu ^ 

Example 2 

a GnTI defect using 
„„ctionai -»pl--"t-n o protoplasts of the 

-n^;;-- - .„tant. 

, ,,,,, 4 wee.s subsequent to ^^^'^^'ll^'XlZeTZ 
Approximately " mutants cultivated under 

isolated from leaves of cgl ^ ^...crosses, ref^ 

conditions (nonstainer P^-^^ ..^.tructs of the complete 
transformed with exp ess- „ 

Llss. respectively, or antisen 



25 



30 



35 



Gnti cuL^ir^ ---^i- respec-civ^sj-y ; 

sense (pA35N-Ms - ^'^"^";'^;=;33,.,L., respectively,, and 
crientation ,pA35>,-Was or ,„ ,50 U9 of 

cultivated for ,6 h at -»:;;^;„,pp,,3ts, PEG method accor- 
p,asmid each per mi - J i 
ding to ref. 32). ^ (analogous to re£. 13. 3J> 

extracts and «estern-blot analy ^^^^ ^^j^^,, ,.e. 

indicated functional =7^;-";;:rprotein bands upon trahsi- 

complex glycosylation of n^ero P ^^^^^^^ 

ent expression of the ,„tisense constructs in 

3ttucts, but not of '''^ „,tant (data not shown,,, 

protoplasts of the Rrabidopsis eg 
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Example 3 

. „f the binary expression constructs 
Clcn.ng of ''^l''^ l^_^^_,^„t (cf. Fig- "> ■ 
pBin-35-Rlas and pBin J3 

\ 'v of the polylinker region 
the sail restriction expression 
(corresponding to the on ^^^^^^ introduced subse^ 

vector PA35 ''\' ,„ds (=pA35N) , and the. complete 

,uently to the fill-rJ, o^ according to the cD«A rn 

M-Sntl-cDNR (nucleotiWes » ^^^^ ^^^^^^ construct ■ 

2, was ^-""^""Jttuct P«5N-Mas, respectively). - 
PM5N-R1S and antrsens^^ const ^^^^^ antisense 

The expression casseAea ^^^^^^^ ^.^ ,3,„i,al 

constructs, respectively, w „i^ti„„ site, partial 

restriction sites (fiUe^in «coI ^^^^^ 
post digestion With Hrnd^fl. - ^^^^^^^^^^^ , 

and inserted /"^^ \ ^.^^.^ sector pBinl9 (Ret. 30) 

restriction sites "^^/^^V;,"// respectively) . The EcoRI 
,.pBin-35-Als and P^^'^Xr restored by fusion with the 
restriction site of the V 3.,, the fragment. By 

egually fiU^d-in "-^ ^^^^^e primer: KS sequencing 

means of a standard PCR assiy I 

primer (Stratagene) extended ^"^ 5, -gggCCTCTRGACTCGAG 

'CG ACG GTA TCG-3' . -"^^'^l''^;^ ,eT AAT CTT G-3. , Xbal 
^GC <CT,AC TAC TCT .^/Xf restriction site in ita- 

restricticn site Xufied a 5' -fragment of the 

lies) , there was T.^e of SO'C (nucleotides 9 

G„tl CD» at an annealing ""P^V^i,. 2 and SEQ 10 NO: 1) . 
,0 ,el, according " -^^-^'^^.X!! (within the antisense 
The PCR product was digeste \^ ^^^^^ ^ isolated 

primer, and Notl '""'f " '^^'^^ ' a'ndlloned into pA35. l-pA35N- 
as a fragment of about 260 l antisense 

:rair:::-e; i- pim. ,=pBin-33-Ai-short, 

rr rRlZdlxT fragment (about Xobp). 
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Example 4 

K.^tBria by means o£ the binary GntI 
Transformation o£ ^^robacterxa by ^^^^^^^ 

.onstruots and re.eneratron ^J-^^^^^/,,,, 
plants, respectively, from in 

^ rnti constructs (pBin-35-Mas and pBin- 
The binary ' antySB-^-^-Seii =° Rgrobacterium strain 

■35-M-short, were sterile leaf discs 

,V2260 (ref. 34. 35). tobacco plants var . 

of <pot^o plants var. Desir aqrobacterial 
Wisconsin 38 were infected f ^ .„ ml liquid 2MS 

lines (50 ul of a fresh overnight cult ^ 

„edium: 2% sucrose ^'^"^''^'1/ ^^Tl,,,^, .idrip; co-cul- 
„ediu», PH 5.6,- small phytotrons) . Subsequent to 

tivation for 2 days in the J { „ith 250 

„ashinq of the infected J^^^^^^ ^generated fro- said 

,,/ml claforan, transqen = plant ^^^^^^^^^ ^^^^^^^^^ 

pieces in tissue culture un analyzed for 

'protocol ref. 26; tobacco P-^;"^;;;^ 5 for trans- 

reduced On.I activity <e-m s, antisense 



' : AS apparent from Fiq. 5, an.i»=..»> 

genic potato plants). AS app i^ction was 

suppression of ""^^.^ Jifo plant .439 . The determined 
" successful in transgenic P"""/ ^^.^^^i,, „as stable in 
^auction of comple. ^^^/Z" : ,:" investigation period of 
this transformant over ^hree tests which 

several months and has been verif ^^^^ 
^° were performed in an interva o abo ^^^^^^^^^ ^^^^^^^ 
respective transgenic tobacco p 
obtained. 

35 Example 5 

production of recombinant P--o protein 
(for the production of antibodies) . 

^.oo^inant .nXX ^^rd^^r^^ o:ri"brmlns ^f^Te 

tfrasidues (His-tag) was ^-^^^^J^^ „etal-chelate affinity 

chromatograpny . ^ t 
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'"""/^rT=C et c 3^. .ntisense prir.e. .„tX-3. stop: 
CM GAC CAG GAG TGC CSG C ^ ^^^^ 

5...TCCCGGGATCCG CM cA ATC ^= " underlined, stop 

codon in Italics) , a T the synthetic 

primer J" \ , ,Strata,enel the construct was 

rt:r^as^"a^,i;:e.ol o.llr.. competent . 

3 -ss cells ---4:r":rnx: 

rlthmic .rowth phase V ^ ^^^^ . thus. 

» "'^ C'":::::ssr: of the rVmant .uslon protein under 
also the expression ^ sectors (Novagen) . By means 

control of the T7 promoter .n JJ^^^J J ,^^0, 
of .etal-chelate ^hromatogrW J^^^ 

- ^rrr^nlsr" n^^^^^^^^^^^^^^ con.ltlons v. Its 
,BL21:pET-Hxs Al c ^^^^^^^\,,,^en) , and the prepara- 

His-tag (manufacturer s p V ^ .^^ ,33,3 of 

tion was verified with respect t:c^ 



SDS-PAGE. 



Example 6 

Raising of polyclonal antibodies in rabbits. 

1^ xr^^^ ^) was used as an antigen. 

" Reco^mant potato GnTI (fro. ^>^^- ^' ^erum. 

rollowin, the harvest of ^^'^^ ^ ^^'^^^^^^ 30„.500 .9 of 

,KV^-ii-c; were subcutaneously inDeci^ea w , . 

the rabbits were su ^^^^p adjuvant 

^„ afflnltv-purlfled P---^;;jt;,;;t.3erent to three .asls 
frprbu^ in intervals of three weeN= 10 14 

(Gerou; _ ^ j -FTom the ear vein 12 to ii 

r-r; Te r^ctirsurssri^ect^^^ .oost. the 
days after ^^e r P ^^^^^^ recognition of 

serum harvested (ret. -3 m 
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aliquoted and kept at +4 c „estern-blot analyses of 

respectively, ll^'l:^^^:^,,,, culture, revealed a 

tobacco callus cells ^ J microsomal fractions, which 

./specific GnTI ."""";^,3,^ ,,ainst the recombinant 

Vindicates, that ant.bodres ra.sed g detection was 

protein specif ially recognrze ^^^"^ " ^^.^^^ and Golgi 

carried out with enriched '"^f ^.^sible to 

to low amounts xi- -l^ 
vesicles), ^^^^^ '^l'^,^ extracts by .eans of the 

detect GnTI protein in cruae p 
employed Western-blot method. 
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